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To process and plot the collected data the following steps should be undertaken (our project included these steps):
1.) Rubber-sheeting “stretches” the data to match up traces with the correct 20m field mark
ers written down in the field notes.
2.) Reverse profiles (Line 3 and 4) so that all transects start and end in the same westfacing direction.
3.) Merge files so that they all connect into a single file.
4.) Migrate data to put subsurface layers in their correct geometric subsurface location.
(see Figure 5 for detailed parameters on processing)
5.) Dewow filter was applied to suppress any low frequency signals in data.
6.) Down trace averaging was applied to remove high frequency signals that are often
noise and not signal related.
7.) Trace-to-trace averaging emphasizes flat lying or slowly dipping reflectors, while
mitigating rapidly changes ones or random noise.
8.) Automatic gain control (AGC) was applied to equalize all the traces. As EM signals
travel through the subsurface, its energy quickly dissipates. Therefore, the return sig
nals recorded in traces often need to be “bumped up” so that low amplitude data is
more apparent.

Data Processing

At South Brighton Spit, New Zealand, a GPR research project was undertaken to look at the subsurface stratigraphy of the dunes. To produce high quality GPR datasets you should follow proper data collection and processing procedures. Proper data collection procedures include adequate understanding of how to use the
GPR equipment, accurate measurements of transects, and an overall understanding of the environment of the
study area. To process the collected data a standard processing flowchart should be followed. At a minimum,
filters and gains should be regularly tested to obtain the best results so that the interpreter can more easily observe the reflection patterns in the collected GPR profiles.

Summary

GPR uses electromagnetic (EM) pulses (radio-frequency) sent from a transmitting antenna at the surface
into the ground (see Figure 2). The EM wave is reflected back to the surface upon reaching different materials, which is then collected by the receiver antenna. This digital information is sent through fiber-optic
cables and to the field laptop where the data is stored and the profile is visible on the screen (as seen in
Figure X).
GPR is a non-invasive and non-destructive method used to create profiles of the subsurface in sensitive
environments. The subsurface images can be interpreted to show stratigraphy, geometry, architecture
and structure (Jol & Bristow, 2003). A major advantage of GPR is that data is acquired continuously and
viewed in real time allowing for quality assessment while in the field.

What is GPR?

The field research project began by conducting a reconnaissance study around the spit to understand the
coastal landscape and look for potential transect lines. The South Brighton Spit has very active aeolian and
coastal geomorphic processes occurring, which results in a southward migration of the spit. To aid in understanding the subsurface stratigraphy and the formation of South Brighton Spit, ground penetrating
radar (GPR) will be used. Presently, there are two outstanding issues which fostered the field study. First,
there is a major concern that the growth of the spit is closing the Avon/Heathcote estuary off from the Pacific Ocean, which has happened in the past resulting in a costly dredging project. Second, storm erosion
along the spit has been the major contributing factor to the damage of homes that have been built on the
spit. Lack in understanding basic coastal geomorphic processes is now affecting the development along
the spit.

South Spit Preserve
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(Left) Pat, Todd and Chris guide the GPR unit up the leeward side of
the dune
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Wiggle trace plotting of data sets provides the most effective visualization of subsur
face reflection patterns, for the interpretation of subsurface stratigraphy (see Figure 6).
A resulting GPR profile is in Figure 7.
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Figure 6 Flow Chart of processing GPR collected data
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To Avon/Heathcote Estuary

Figure 5 detailed parameters used in processing data

Trace Stacking: 3
Points Stacking: 7
Trace Differencing: N
Correction: DEWOW

Migrated with Avg. Velocity: 0.1200 m/ns

Num. of Traces: 4000
Num. of Points/Traces: 256

When necessary, topographic correction was also used to integrate the elevation changes
of the landscape along the profile. This information was imported from an ASCII file with the
positions co-located with elevation.

9.)

Several data collection problems were encountered on South Brighton
Spit. No topographic information was collected in the field. Topographic changes are present along the transect, laser leveling would
provide necessary elevation changes that would help in understanding
the subsurface stratigraphy on the GPR profile. Secondly, disturbances
were not accounted for in the data collection. Some of these disturbances include tree roots and materials buried in the sand (i.e. a
Line 4
Line 3
Line 1
Line 2
wooden pathway buried by the dunes). Some materials (i.e. wood, rubbish) scatter the EM waves causing the final results to be skewed. The
speed and velocity of the sled varied due to other factors (i.e. pace of
each individual and the materials over which the sled was pulled) and
were not accounted for in the data collection. Lastly, is that each line
Beth, Keith, Jackie and Chris set up for the Figure 3 the four transect that were run using GPR on South Brighton run should have been run consecutively in a row versus the first two in
next transect to run GPR
Spit, New Zealand. Direction of line run is given.
one direction and the last two lines in the other.

To begin collecting data, we laid out four-100m tapes (Figure 3). The first two
lines were run in an east to west direction, and the second two lines were run
in a west to east direction. The lines were not run consecutively since an international school group were planting trees for an environmental project. Next,
the GPR system was set up with a rope tied to the sled so that it could be
dragged more easily; while the fiber optic cable, connected to the antennae
was attached to the console/laptop for collecting data (see Figure 2). The
transmitter and receiver antennae were mounted on a sled and pulled at a
steady pace for each 100m transect. It took four people per transect to operate the GPR unit efficiently; one to drag the sled, one to hold the fiber-optic
cable, and two to carry the computer equipment; we rotated duties in between each line. The data was collected in a continuous mode and the trace
positions were noted at 20m intervals to ensure the spatial accuracy of the
collected data. As we started collecting data one person would wait at each
20m increment, and when the sled reached the mark, the trace position was
noted and recorded (see Figure 4)..

The location of the GPR transects on South Brighton Spit is in South Spit Preserve that prevented development and allowed less disturbance and easier maneuvering of the GPR unit. The lines
were run in an east-west direction with the Avon/Heathcote estuary to the west and the Pacific Ocean to the east. The lines were shot using University of Canterbury’s PulseEKKO 100 GPR
system with an antennae frequency of 200 MHz and a 400 V transmitter.
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Figure 1 South Brighton Spit on the east
coast of South Island, New Zealand
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Along the eastern coast of New Zealand’s South Island sediment is eroded from the Southern Alps and is
then transported east to the oceans by numerous rivers. Once the sediment reaches the sea it is carried
northward by the ocean currents and longshore drift. The northward flow is interrupted near the city of
Christchurch by Banks Peninsula, an ancient volcanic island connected to the mainland. Some of the northward flowing sediment, along with a contribution from the local braided rivers, is trapped by a back-eddy
that forms in Pegasus Bay (Pacific Ocean). The change in direction of the current circulates water and sediment southward near the Avon-Heathcote Estuary. The accumulated sediment is presently forming South
Brighton spit which continues to build southward across the mouth of the estuary. Over the past several decades the relative size and physical location of the spit has fluctuated due to changing coastal and aeolian
geomorphic processes.

Regional Location

The South Brighton Spit is located along the east coast of the South Island, New Zealand. The spit is a beach
barrier between the Avon-Heathcote Estuary and the Pacific Ocean. Due to recent erosional and progradational events that affected the local infrastructure along the spit and to better understand these coastal
sedimentary deposits, ground penetrating radar (GPR) surveys were conducted in collaboration with the
University of Canterbury. GPR, a geophysical method trasmits an electromagnetic pulse into the ground
which is then reflected and recorded providing an image of the subsurface elements. A PulseEKKO GPR
system with antennae frequency of 200 MHz and a 400 V transmitter was used. The antennae were spaces
0.8m apart, mounted on a sled, and towed along the width of the spit. The data was collected in a free
mode with markers noted every 20m. Field notes and photo documentation were used to georeference,
rubber sheet, and join collected GPR profiles and to have equal spacing for the collected traces. To provide
profiles for data interpretation, the collected data was then processed using various filters (trace to trace,
down trace), gains (automatic gain control), and plots (amplitude, wiggle trace)
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